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Abstract 
Most pollutants entering natural water system may be absorbed onto suspended solid particles and sediment. When the 
external pollution sources have been effectively controlled, eutrophication and deterioration of water quality may still maintain 
for a long time because of the existence and release of inner nutrient in sediments. Therefore, the sediment release becomes the 
most important inner load that influences water quality. In order to more systematically understand the effect of sediment release 
on water quality, the model for simulating pollutants release from sediments suitable for dynamic water environment system is 
established. The model considers comprehensively such factors as convection-diffusion of contaminants, sediment release and 
degradation etc. Based on the analysis result about the influencing factors of nutrient release from sediment and the previous 
academic achievements, we conclude that the releasing rate of ammonia nitrogen and total phosphorous ranges from 312.72 to 
1588.08 mg·m-2·d-1and from 15.12 to 145.68 mg·m-2·d-1, respectively. Finally, the model is applied in Guangzhou-Foshan river 
network to quantitatively estimate the effect of sediment release on quality of the overlying water. The result shows that the water 
flow is of great importance to mitigate the influence of sediment release on the overlying water quality, and the dynamic 
contribution increment turns out to be negatively correlated with river flow. In a holonomic tidal cycle including spring, slack 
and neap tide, the average contribution rate of ammonia nitrogen release from internal source is 6.22~9.04%, which equals to 
5.52~7.41% of that of the external source input. The result illustrates that only when the external source pollution has been well 
controlled will the influence of sediment release on the water quality become prominent. To sum up, the simulation result can 
well reflect the actual water situation, which provides a new operational tool for water quality simulation of sediment pollution. 
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1. Introduction 
When a large amount of pollutants enter the river, some of them are attached to the suspended particles and 
deposit in the bottom of rivers or lakes along with these particles, thus form a certain thickness of sediment layers 
containing various pollutants[1].As an important constituent of river ecosystem, the sediment is not only the main 
reservoir of nutrients, but also the active exchange zone of materials between water and soil interface[2].Once the 
various physical and chemical factors(the hydrodynamic conditions, temperature, salinity, pH and dissolved oxygen, 
etc.) changed, the nutrients in the sediment may dissolve or re-suspend and thus become the inner load of river 
eutrophication, also called inner source pollution. The impact of river sediment on water quality is mainly achieved 
through the following processes: the dispersion of pollutants in the sediment particles, the diffusion of pollutants in 
the upper sediment layer to the water, and the mixing effect of released interstitial water. Overall, sediment is an 
important secondary pollution source influencing river water quality. 
     The urban rivers in our country have been generally heavily polluted, the sediments of which accumulate a large 
number of oxygen-demanding organic pollutants, heavy metals, nitrogen and phosphorus, etc. The content of these 
pollutants is often one or a few orders of magnitude higher than its background value, which turns a potential 
pollution source. In recent years, there have been much research on the chemical speciation, species distribution, and 
migration and transformation rule of nutrients in the sediment-water interface against the increasingly prominent 
water pollution problem caused by sediment release[3-6].Most of the research focused on estimating the release 
amount of sediment at a certain period by means of local sampling and chemical simulation to evaluate the impact 
of river sediment on the water quality, however, such method can not be linked to water flow, which has a certain 
one-sidedness. In this paper, we first analyzed various influencing factors of nutrient release from sediment and 
concluded the releasing rate of ammonia nitrogen and total phosphorous on the basis of previous academic 
achievements, then established a dynamic water environment system model considering pollutants release from 
sediment based on 1-D hydrodynamic  model and 1-D model of river water quality and verified the model with the 
measured river nutrient concentration. Finally, we applied the validated sediment pollutants release model to 
simulate the impact of sediment release on the overlying water quality in the Guangzhou-Foshan river network, 
China. This study could contribute to grasp the impact of sediment release on river water quality on the whole, and 
offer scientific guidance for simulation research of sediment pollutants release in other tidal river networks.  
2. Study area 
Guangzhou and Foshan are two neighboring highly developed cities in Pearl river delta. Guangzhou is located at 
the northern center of Pearl River Delta, with a warm and rainy climate. The annual average temperature is around 
21̚22ć.The annual average precipitation is about 1774mm.The rivers running through Guangzhou all belong to 
the pearl river system, with a length of 416 km of main river channels. The mountainous rivers domain in the north, 
and the downstream channels of the West River, North River and East River and the front, the back, and the west 
channel of the Pearl River converge together to form the river network in the south. Foshan is located at the center 
of Guangdong province, with a significant oceanic monsoon climate. The annual average temperature is around 
22.5ć.The annual average precipitation is about 1597mm. The rivers running through Foshan are crisscrossed and 
belong to the mainstreams of West River and North River or the tributaries of North River.     
The Guangzhou-Foshan river network is part of the Pearl River Delta river networks. The study area includes the 
Chancheng, Nanhai and Sanshui district of Foshan city, and Huadu, Baiyun, Liwan, Yuexiu, Dongshan, Tianhe, 
Haizhu and Huangpu district of Guangzhou city. The rivers flowing through the study area contain Dongping 
channel, Foshan channel, Pingzhou channel, Chencun channel, the front channel, the back channel, and the west 
channel etc (Fig.1). 
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Fig.1. Guangzhou-Foshan river network 
 
3. Study methods 
3.1 Literature review 
     This study reviewed the previous research results about the release flux of sediment nutrients, and the value 
range of the releasing rate of ammonia nitrogen and total phosphorous in the Guangzhou-Foshan river network was 
determined through analogy analysis of the research results about the release rate of nutrients between the sediment-
water interfaces in different regions of China.   
3.2 Water environmental mathematical model for tidal river networks  
3.2.1   1-D hydrodynamic model [7] 
(1) River flow control equation (Saint-Venant equations)  
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     where H denotes the water level of each section; Q denotes the water flow; u denotes the mean flow velocity; 
g denotes the acceleration of gravity; B denotes the water width at different water level; Lq denotes the lateral 
inflow discharge; R denotes the hydraulic radius; SC denotes the Chezy coefficient; x , t denotes the coordinate of 
location and time, respectively.  
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(2) River cross-point connection equation 
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where Qi denotes the water flow into the node through section i; W denotes the storage capacity of the node. If the 
storage area is very small and the water level is flat, equation (3) and (4) can be simplified as: ¦  0iQ  and 
1 2 0...H H H   , respectively. 
 
(3)Difference scheme and solution method  
The preissmann four-point linear implicit scheme was used as difference scheme on the basic equations of 
unsteady flow for river network, and three-stage joint solution was applied to calculate the water level and water 
flow of each section. 
 
3.2.2   1-D sediment pollutant release model [8] 
(1) Basic equations 
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(5) is river channel equation, and (6) is node equation. Where C denotes the average concentration of each section; 
A, h, z denotes the river section, the average water depth and the water level, respectively; Q denotes the water flow, 
Ex denotes the longitudinal dispersion coefficient of pollutants; Sr denotes the release coefficient of sediments; kd 
denotes the degradation coefficient; Qp denotes the addition of pollution source; Ω denotes the water surface area 
between river cross-points; j denotes the cross-point number; i denotes the channel number connected to the cross-
point j. 
(2) Difference scheme and solution method  
The implicit upwind difference scheme was used to discretize equation (5), and the “channel-node-channel” 
algorithm was utilized as the solution method (Four kinds of circumstances should be considered according to the 
uncertainty characteristic of river flow). 
 
3.2.3   Model calibration and verification 
The hydrologic condition during June 7-14, 2001 was used to calibrate the parameters of dynamic model, then the 
set of parameters were applied in the calculation of flow covering large, medium and small tidal process during 
January 4-11, 2001. The calculation interval of water quality was the same as that of the dynamics during dry season. 
Finally, we compared the calculated results with the measured data to verify the model accuracy.  
3.3 Quantification of the impact of sediment release on the overlying water quality 
3.3.1   Dynamic contribution amount of sediment release  
According to equation (5), when the sediment release coefficient Sr=0 (not considering the sediment release), the 
calculated concentration isC c .Thus the dynamic contribution amount of sediment release can be expressed as: 
 
CCCdynamic c '                                                                                                                 (7) 
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where dynamicC' denotes the increased concentration of sediment pollution release in the dynamic water; C 
denotes the calculated concentration when considering sediment release. 
 
3.3.2   Static accumulation amount of sediment release 
When the variation of nutrient concentration is mainly dependent on the inner source pollution, the increment of 
corresponding pollutant concentration in the static water caused by sediment release is mainly correlated with the 
release coefficient of sediment pollutant and the average water level of polluted river (Fig.2).Thus: 
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    where staticC' denotes the increased concentration of sediment pollution release in the static water; Sr denotes the  
release rate of sediment pollutant; S denotes the area of polluted river; V denotes the river volume; h denotes the 
average water level of polluted river; t denotes the time period. 
 Fig.2. Schematic Diagram of static accumulation of sediment pollution release 
 
3.3.3   Evaluation methodology  
The contribution rate of pollutants released from sediment is defined as the ratio of increased concentration of the 
overlying water caused by sediment release to the standard value of water quality, which can be expressed as:  
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     where C' denotes the increased concentration of the overlying water caused by sediment pollution release; 
S c denotes the standard value of water quality. 
4. Results and Discussions 
4.1Determination of sediment release rate in the Guangzhou-Foshan river network 
The previous research results about the release rate of nutrients between the sediment-water interfaces in different 
regions of China were summarized (Table 1), so as to determine the sediment release rate in the Guangzhou-Foshan 
river network by comparison and analogy analysis.  
 
    According to table 1, the value range of the release rate of NO2
-
-N, NO3
-
-N, NH4+-N, PO43
-
-P and TP is -
69.865~6.6148,-34.615~29.0904,-23.731~1588.08,-23.408~91.0 and 15.112~145.68 mg·m-2·d-1, respectively. 
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Considering the pollution character of nitrogen and phosphorous of sediments in the Pearl River Delta river 
networks[9], we finally determine the release rate of ammonia nitrogen and total phosphorous in the study area to be 
312.72~1588.08 and 15.12~145.68 mg·m-2·d-1. And the more polluted the sediment is, the greater the diffusion 
gradient of the nutrients between sediment-water interface and the stronger the release capacity of the nutrients.
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    According to the hydrodynamic verification results, the simulation of tidal current and tidal level in the study area 
is quite successful. The velocity change process of flow velocity verification section in dry season is in good 
agreement with the measured process. The calculated water level change process of Zidong and Lanshi section in 
summer successfully reflects part of a flood process. In summary, the hydrodynamic simulation can provide a 
relatively accurate hydrodynamic flow field for the simulation of water quality. 
      
According to the verification results of water quality, the ammonia simulation result of Shazhuanchang and 
Huangjing section is satisfactory, which reflects the change trend of pollution concentration. However, the relative 
error of certain point is bigger than 50%, which is mainly due to such uncontrollable factors as the simple treatment 
of emission methods of pollution sources and the setting of boundary conditions. On the whole, the simulation 
results of the water quality model are reasonable, and the model is applicable in the actual forecast and calculation.    
     
4.3 Quantification of the impact of sediment release on the overlying water quality 
(1) Dynamic contribution amount of sediment release 
     Based on the calibration and verification results, ammonia nitrogen is selected as the representative pollutant in 
the study. According to equation (5) and (7), the dynamic contribution amount of sediment release is calculated 
(Table 2). 
 
Table 2.  Dynamic contribution amount of sediment release (Unit: mg/L) 
 
Channel The front channel The back channel Pingzhou channel 
Maximum value 0.1752 0.1579 0.1093 
Minimum value 0.0722 0.0689 0.0246 
Mean value 0.1357 0.1189 0.0622 
  
(2) Static accumulation amount of sediment release 
Take the value of 24 h of tidal cycle, and the value of 2 m of water level. According to equation (8), the static 
accumulation amount of sediment release is calculated (Table 3). 
 
Table 3.  Static accumulation amount of sediment release (Unit: mg/L) 
 
Channel The front channel The back channel Pingzhou channel 
Static accumulation amount 0.6094 0.6094 0.1563 
 
(3) The contribution rate of sediment release 
The contribution rate of sediment release is calculated to evaluate the weight contributed by sediment release 
(Table 4). 
 
Table 4.  The contribution rate of sediment release (Unit: %) 
 
Channel The front channel The back channel Pingzhou channel 
Standard value (mg/L) 1.5 1.5 1 
 
Dynamic 
Maximum value 11.68 10.53 10.93 
Minimum value 4.81 4.59 2.46 
Mean value 9.04 7.93 6.22 
Static accumulation 40.63 40.63 15.63 
    
The simulation result shows that the dynamic contribution amount of sediment release is less than the static 
accumulation value, which illustrates that the convection-diffusion of pollutants in the dynamic water has a great 
significance in mitigating the impact of sediment release on the overlying water quality. While considering the static 
accumulation of sediment release, the river channels are assumed to be static water bodies, when poor water 
exchange and weak water purification capacity happen and thus the pollutants can be easily accumulated. And as the 
average flow velocity during dry season of the front channel, the back channel and pingzhou channel is 0.349, 0.243, 
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0.238 m/s respectively, the water purification capacity of the dynamic water bodies is relatively strong with a 
powerful mixing capacity.  
     
The dynamic contribution amount of the front channel is greater than that of the back channel, which is related to 
the channel flow. The simulation result of the hydrodynamic model shows that the average flow of the front channel 
at high tide and low tide of a tidal cycle is 741.22 m3/s and 691.25 m3/s respectively, and that of the back channel at 
high tide and low tide is 49.97and 74.65 m3/s respectively. In a word, the larger the river flow is, the lower the 
dynamic contribution amount of sediment release.  
 
     In a holonomic tidal cycle including spring, slack and neap tide, the average contribution rate of ammonia 
nitrogen release from internal source is 6.22~9.04%, which equals to 5.52~7.41% of that of the external source input. 
Moreover, the dynamic release amount of sediment of the front, the back and pingzhou channel is corresponding to 
the pollution condition of these channels, which correctly reflects the impact of sediment release on the water 
quality. All of this indicates that compared with the input of pollutants from external sources, the impact of sediment 
release on the water quality is relatively low. Only when the external source pollution has been well controlled will 
the influence of sediment release on the water quality become prominent. 
 
     Sediment dredging is a widely used measure in hydraulic and civil engineering, which can improve the channel, 
enlarge the water storage capacity, and reduce nutrient release during a period of time. However, it is neither the 
sufficient condition nor the necessary condition for the control of water quality[16].When the impact of sediment 
release is relatively low, we can take such measures as water diversion, sandstone coverage and aeration instead of 
sediment dredging to improve the water quality. Meanwhile, the prerequisite for the implementation of sediment 
dredging should be the effective control of industrial pollution source and sufficient disposal of sewage water.   
 
5. Conclusions  
    Sediment is an important secondary pollution source that influences the river water quality. When the input of 
external source pollution is effectively controlled, the nutrients release from sediment may cause water bodies to 
maintain in the unhealthy state of eutrophication and water deterioration for a long period of time. The more 
polluted the sediment is, the greater the diffusion gradient of the nutrients between sediment-water interface and the 
stronger the release capacity of the nutrients. In the tidal river network, the convection-diffusion of pollutants can 
significantly mitigate the impact of sediment release on the overlying water quality. However, compared with the 
pollution input from external sources, the impact of sediment release on the water quality is still low. 
     The sediment pollutant release model established in the study can well simulate the impact extent of sediment 
release on the overlying water quality in the dynamic water. However, this model does not consider the 
accumulation of pollutants in the sediment with the adsorption and settlement of the suspended particles, and the 
release rate of sediment pollutant in the model is taken as a constant item without taking into account of its variation 
with the spatial and temporal change of the concentration of pollutants in the convection-diffusion process. In order 
to more accurately simulate the mechanism for the release of pollutants from sediments and the impact of sediment 
release on the water quality, we should endeavor to develop an integrated model that can reflect the dynamic 
balance between the adsorption and desorption process of pollutants in the sediment and the spatial and temporal 
change process of sediment release.  
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